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HOOFDSTUK 1 
DE XO MUIS ALS BASISARGUMENT VOOR DE LYON-HYPOTHESE. 
- inleiding, tevens samenvatting -
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НЕТ X CHROMOSOOM. 
Al in 1891 ontdekte Henking onder het microscoop dat de mannet­
jes van de door hem bestudeerde insecten twee typen spermacel­
len produceerden: een type met 11 chromosomen, het andere type 
met 11 chromosomen plus een donker gekleurd rond lichaampje. 
Daar de aard van dit lichaampje hem niet duidelijk was, noemde 
hij het een X-lichaampje. Later bleek dit X-lichaampje een ge­
condenseerd geslachtschromosoom te zijn, dat sindsdien bekend 
staat onder de benaming X chromosoom. 
Ook bij zoogdieren gedraagt het X chromosoom zich afwijkend van 
de andere chromosomen. Bij normale vrouwelijke zoogdieren is in 
de interfase kernen één van de twee X chromosomen gecondenseerd 
(Olmo et al., 1959), waardoor het als sterk kleurbaar lichaamp-
je, meestal tegen de kernmembraan gelegen, zichtbaar wordt. 
Naar een van de ontdekkers (Barr en Bertram, 1949) wordt dit 
lichaampje "Barr body" genoemd. 
Aangezien de gecondenseerde toestand van chromosomaal materiaal 
duidt op een verlaging van de activiteit van het chromosoom, 
ligt de veronderstelling voor de hand dat het "Barr body" een 
geïnactiveerd X chromosoom zou kunnen zijn. Deze gedachtengang 
vormt de grondslag voor de inactieve-X hypothese of Lyon-hypo-
these. 
DE LYON HYPOTHESE. 
Deze hypothese, geponeerd in 1961 door Lyon, zegt, dat bij zoog-
dierwijfjes in een vroeg ontwikkelingsstadium een van de twee 
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X Chromosomen geïnactiveerd wordt, terwijl het andere actief blijft. 
Door het toeval wordt bepaald welke van de twee aanwezige X chromo-
somen geïnactiveerd wordt. Een eenmaal geïnactiveerd X chromosoom 
blijft dat ook na alle nog volgende celdelingen, 
Er ontstaan op deze wijze in de vrouwelijke zoogdieren verschillen-
de cellijnen, waarbij in sommige lijnen het X chromosoom van vaders-
kant (het paternele X chromosoom) geïnactiveerd is en andere lijnen, 
waarin het X chromosoom van moederskant (het mátemele X chromosoom) 
het "Barr body" wordt. Zo bestaat het lichaam van een vrouwelijk 
zoogdier uit een toevalsmatig mozaïek-patroon. 
Bij een zoogdierwijfje dat heterozygoot is voor een X chromosomaal 
gebonden eigenschap zal bijgevolg zo'η mozaïek in het fenotype 
zichtbaar worden. 
Daar de X chromosoom inactivatie zeer vroeg in de ontwikkeling 
plaats vindt, kan bestudering van de resultaten van deze inacti-
vatie mogelijk meer inzicht verschaffen over de vroegste stadia 
in de embryologie van de zoogdieren of verklaringen opleveren 
voor geslachtschromosomaal gebonden afwijkingen. Ook het voorkomen 
van twee typen cellen in vrouwen die heterozygoot zijn voor een X-
chromosomaal gebonden gen voor bijvoorbeeld deficiëntie van glu-
cose-6-phoshpate-dehydrogenase, G-6-PD (Beutier et al., 1962; DeMars, 
1964, 1968; Linder en Gardler, 1965) of voor deficiëntie van het 
enzym hypoxanthine-guanine phosphoribosyl transferase, HGPRT 
(Rosenbloom et al., 1967; Migeon, 1970; Goldstein, 1971) kan ver-
klaard worden vanuit inactivatie van een X chromosoom op cellulair 
niveau. 
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Hoewel de Lyon hypothese reeds tot vele leerboeken is doorgedrongen, 
bestaat er in de literatuur nog geen communis opinio over de geldig-
heid van deze hypothese. Meer zekerheid kan ons inziens momenteel 
het beste verkregen worden door de bewijskracht van de door Lyon 
gebruikte basisargumenten op hun waarde te toetsen. 
Twee basisargumenten. 
Ter staving van haar hypothese gebruikt Lyon twee basisargumenten: 
- Vrouwelijke muizen, heterozygoot voor X chromosomaal gebonden 
vachtkleur eigenschappen, vertonen een mozaiek fenotype. 
- Vrouwelijke muizen met een XO chromosomen constitutie (39, X mui-
zen, zie foto) zijn normale, fertiele wijfjes. Derhalve is slechts 
een X chromosoom noodzakelijk voor de normale ontwikkeling van 
de vrouwelijke muis, daarbij inbegrepen de sexuele ontwikkeling. 
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Normale vrouwelijke muizen (Mus musaulus L) hebben 40 chromosomen 
waaronder 2 X chromosomen. In 1959 vond Russell с.s. vrouwelijke 
muizen met 39 chromosomen. Het ontbrekende chromosoom bleek een 
X chromosoom te zijn. Oeze muizen (39 XO) worden XO muizen genoemd. 
Hierboven een afbeelding van de chromosomen van een XO muis 
(fotonegatief: Hutten J.W.M, en A.G.J.M, van der Linden^ 1971; 
afdruk: A.P.T. Smits). 
IA 
- het eerste basis argument -
Grüneberg (1966) toonde aan dat deze hypothese voor een drietal 
X chromosomaal gebonden vachtkleur genen bij de muis niet van toe-
passing is. Hij constateerde dat de allelen van deze genen op de-
zelfde manier werkzaam zijn als bij autosomale heterozygoten. 
In 1968 repliceert Lyon op de conclusies van Grüneberg (1966, 1967), 
dat resultaten die niet in overeenstemming zijn met haar hypothe-
se verklaard kunnen worden met aanvullende hypothesen. Grüneberg 
(1969) stelt daarop, dat elke noodzakelijke aanvullende hypothese 
in werkelijkheid een concessie is, dat de waargenomen feiten niet 
met de hoofdhypothese in overeenstemming zijn. Uit deze controver-
se blijkt, dat het eerst genoemde basisargument van Lyon discuta-
bel genoemd kan worden. 
- het tweede basis argument -
Het tweede basis argument van Lyon vindt in de literatuur bijval. 
De XO muis is zo normaal (Welshons en Russell, 1959) dat zij een 
positief bewijs is voor de suggestie, dat een van de twee X chro-
mosomen in vrouwelijke muizen geheel geïnactiveerd is (Lyon, 
1966). Cattanach (1962) komt na een gedetailleerde studie van de 
XO muis dan ook tot de conclusie, dat de post-natale levensvat-
baarheid, de groei en de fertiliteit nagenoeg gelijk zijn aan 
die van XX muizen. Hij stelt dan ook dat deze feiten pleiten voor 
de geldigheid van de inactieve-X hypothese. 
Uit de in ons laboratorium verrichte onderzoekingen met XO muizen 
blijkt, dat deze dieren in alle door ons onderzochte karakteris-
tieken duidelijk afwijken van de normale muizen. (Zie voor een kort 
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overzicht van de gevonden afwijkingen tevens Deckers, 1971). 
Zo is de groei van XO muizen gedurende de eerste vijf levensweken 
onderzocht. Deze bleek beduidend minder te zijn dan van normale 
XX wijfjes (hoofdstuk 2). De verminderde groei was aanleiding 
een onderzoek in te stellen naar de mogelijke oorzaken hiervan. 
Groei wordt bij zoogdieren voor een groot deel hormonaal geregeld 
door groeihormoon en door schildklierhormonen. Uit onderzoek met 
dwergmuizen, die geen groeihormoon kunnen produceren weten we, dat 
afwezigheid van dit hormoon gedurende de eerste levensweek niet 
tot duidelijke groeivertraging aanleiding geeft. 
Uit onze onderzoekingen bleek echter, dat de groei bij XO muizen 
ook in deze periode al achterbleef bij die van XX dieren. Mede 
ook doordat de beschikbare gegevens over verminderde groei bij XO 
mensen (patiënten met het syndroom van Turner) niet in de richting 
wijzen van een verminderde productie van groeihormoon (Fraccaro 
et al., 1960; Forbes et al., 1962; Alqvist, 1963, 1964) leek ons 
een afwijking in de activiteit van de schildklier als mogelijke 
verklaring voor de verminderde groei bij XO muizen meer voor de 
hand liggend. 
De schildklier is een van de belangrijkste organen, zo niet het 
belangrijkste dat het basaal metabolisme bij zoogdieren regelt. 
De gemiddelde lichaamstemperatuur van XO muizen bleek subnormaal 
te zijn (hoofdstuk 3). 
Dit is een aanwijzing voor een verlaagd basaal metabolisme bij 
deze dieren. Bovendien bleek uit kwantitatief histologisch onder-
zoek, dat de schildklier van XO muizen een verlaagde activiteit 
vertoonde (hoofdstuk 3). 
16 
Ook bij ovarium-onderzoek bleken XO muizen duidelijke afwijkingen 
te vertonen (hoofdstuk 4). Haar ovaría waren kleiner en bevatten 
minder rijpende en rijpe follikels dan de ovaría van normale mui-
zen. Wanneer eenzijdig bij XO muizen een ovarium verwijderd wordt, 
bereikt het resterende ovarium een normaal volume terwijl ook het 
aantal rijpende en rijpe follikels normaliseert. De vermelde af-
wijkingen in de ovaría van XO muizen zijn dus niet autofeen (in 
de ovaría zelf gelegen) maar allofeen (worden van elders geïndu-
ceerd). Het ligt voor de hand te veronderstellen dat deze afwij-
wijkingen berusten op abnormale secretie van gonadotrope hormo-
nen in de hypofyse voorkwab. 
Mede gezien het feit, dat ook aanwijzingen gevonden werden voor 
een subnormale activiteit van het oestrogeen producerend systeem 
in de ovaría van XO muizen (hoofdstuk 4) ligt een afwijkende re-
productiviteit van XO muizen in de lijn der verwachtingen. Uit 
waarnemingen bleek dat XO muizen inderdaad minder jongen per nest 
produceren met een grotere interval tussen opeenvolgende nesten, 
terwijl bovendien de fertiliteitsperiode van een XO muis, hoogst-
waarschijnlijk ten gevolge van een geringer aantal primordiale 
geslachtscellen, korter duurt (hoofdstuk 5). Uit deze gegevens 
kunnen we concluderen dat de XO muis in meerdere opzichten abnor-
maal is en dat blijkbaar voor een volkomen normale ontwikkeling 
van een vrouwelijke muis de activiteit van slechts één X chromo-
soom onvoldoende is. 
De in de literatuur beweerde normaliteit van de XO muizen wordt 
hoofdzakelijk geconcludeerd uit de geconstateerde "normale" post-
natale groei en ontwikkeling (Welshons en Russell, 1959; Cattanach, 
1962). Daar bij de experimenten van deze auteurs gebruik gemaakt 
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is van sterk uitgekruiste dieren moet men rekening houden met 
grote verschillen tussen de nesten. Uit de gepubliceerde gege-
vens blijkt nergens dat met deze grote variatie-bron bij de 
proefopzet rekening is gehouden, waardoor mogelijk de verschillen 
tussen XO en XX dieren onopgemerkt bleven. 
Daarnaast is de normaliteit van de XO muis onderzocht op grond 
van haar fertiliteit. De gemiddelde nestgrootte zou practisch 
normaal zijn (Cattanach, 1962). De nestgrootte van de normale 
controle muizen wordt echter in deze publicatie nergens vermeld. 
In de nesten van XO moeders komen geen OY jongen voor en het per-
centage XO jongen is kleiner dan verwacht. Daar Cattanach dit 
tekort, gezien de normale postnatale ontwikkeling, niet aan ver-
hoogde embryonen sterfte meent te kunnen toeschrijven, conclu-
deert hij dat er minder 0 gameten (gameten zonder X chromosoom) 
ontstaan dan volgens toeval te verwachten is. Morris (1968) voert 
naast het tekort aan 0 ova ook een hogere embryonen sterfte als 
verklaring aan voor het tekort aan XO en OY nakomelingen. 
De fertiliteit van de XO muis blijkt echter geenzins normaal te 
zijn: het aantal rijpende en rijpe follikels is kleiner (hoofd-
stuk 4), de gemiddelde nestgrootte kleiner, de fertiliteitsduur 
korter en de tijd tussen twee opeenvolgende nesten langer (hoofd-
stuk 5). 
Ook in onze stam is een tekort aan O-nakomelingen in de nesten van 
XO moeders geconstateerd. De ratio X : 0 nakomelingen komt niet 
overeen met de volgens Mendel verwachte verhouding 1 : 1 , zelfs 
niet wanneer een correctie wordt toegepast voor de niet levens-
vatbare OY nakomelingen. De verklaringswij ze van Morris, voor 
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zover het de verhoogde embryonen sterfte betreft, kunnen wij met 
onze experimenten niet bevestigen (hoofdstuk 5). De meest aantrek-
kelijke theorie ter verklaring van de afwijkende segregatie-ratio 
is de veronderstelling dat er een niet toevallige segregatie 
(meiotic drive) gedurende de Oogenese plaats heeft, zoals Catta-
nach (1962) gesuggereerd heeft. Deze bewering wordt gesteund door 
Kaufman (1972). Maar bovendien blijkt de afwijking in de split-
singsverhouding gerelateerd te zijn aan de leeftijd van de moeder 
(hoofdstuk 5). 
De XO muis vertoont een verlaagde groei, een verlaagd basaal meta-
bolisme en een verlaagde fertiliteit. Ze kan dan ook zeker niet 
als bewijs voor de inactieve-X hypothese aangevoerd worden. Het 
is verwonderlijk dat zowel Cattanach (1962) als Morris (1968) in 
bepaalde opzichten afwijkingen bij de XO muis gevonden hebben, 
maar toch aan de gestelde normaliteit van deze muizen blijven vast-
houden. Nog opmerkelijker wordt het echter wanneer Lyon (1973), 
zelf ook een aantal afwijkingen van XO muizen constateert (zoals 
door ons in 1971 reeds beschreven) en aan het eind van haar dis-
cussie de XO muis toch "a productively fairly normal animal" 
noemt. 
XO MUIS EN XO MENS 
Het is in de anthropogenetica algemeen bekend dat bij toenemende 
moederleeftijd nakomelingen met bepaalde chromosomale afwijkingen 
frekwenter voorkomen. Deze invloed van de moeder op de frekwentie 
van de chromosomaal aberrante nakomelingen komt blijkbaar ook bij 
muizen voor. 
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Een van de meest opvallende karakteristieken van XO mensen (patiën-
ten met het syndroom van Turner) is de geretardeerde lichamelijke 
en geestelijke ontwikkeling (Lindsten en Fraccaro, 1969). Bij deze 
patiënten is geen duidelijke aanwijzing gevonden voor verlaagde 
groeihormoon secretie (Fraccaro et al., 1960; Forbes et al., 1962; 
Almqvist, 1963, 1964). Hoewel de beschikbare gegevens over de 
schildklier-activiteit bij Turner-patiënten nog tegenstrijdig zijn 
(Lindsten en Fraccaro, 1969), ligt gezien de werking van het thyro-
xine op de lichamelijke groei en de differentiatie van de hersenen 
een hypothyroïdie in de lijn der verwachtingen. 
Ook de ovaría van Turner-patiënten zijn sterk onderontwikkeld of 
practisch geheel afwezig hetgeen nagenoeg altijd tot steriliteit 
leidt. 
Tussen XO muis en XO mens bestaan derhalve sterke overeenkomsten 
wat de door ons onderzochte karakteristieken betreft. Het is ook 
Lyon bekend, dat de XO mens als niet normaal beschouwd moet worden 
en zich niet gedraagt overeenkomstig de conclusie van Lyon, dat 
slechts een X chromosoom noodzakelijk is voor een normale ontwik-
keling. Om het afwijkend gedrag van de XO mens te verklaren moet 
Lyon dan ook een hulp-hypothese in het leven roepen waarin zij stelt, 
dat het tweede X chromosoom bij de mens niet volledig inactief kan 
zijn in alle stadia van de ontwikkeling (Lyon, 1966). 
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SLOTCONCLUSIE 
Wij komen tot de conclusie, dat de XO muis niet normaal is en 
dat gezien de overeenkomsten tussen XO muis en XO mens, ook 
voor de verklaring van de afwijkingen van de XO muis een hulp-
hypothese nodig is. 
Afwijkingen in het mozaiek-patroon van geslachtschromosomaal 
gebonden vachtkleur kenmerken bij de muis kunnen ook slechts 
met behulp van hulphypothesen verklaard worden. 
Derhalve bezitten de twee door Lyon aangevoerde basisargumenten 
ter staving van haar inactieve-X hypothese als zodanig geen be-
wijskracht voor haar hypothese daar beide zelf hulp-hypothesen 
behoeven. 
21 
LITERATUUR 
Almqvist, S.; Lindsten, J.; Lindwall, Ν. (1963). Linear growth, 
sulphation factor activity and chromosome constitution in twenty-
two subjects with Turner's syndrome. Acta Endoc. 42:168. 
Almqvist, L.; Hall, K.; Lindstedt, S.; Lindsten, J.; Luft, R.; 
Sjöberg, H.E. (1964). Effects of short term administration of 
physiological doses of human growth hormone in three patients 
with Turner's syndrome. Acta Endoc. (K^benhavn) 46:451 
Barr, M.L.; Bertram, L.F. (1949). A morphological distinction 
between neurones of the male and female and the behaviour of 
the nucleolar satellite during accelerated nucleoprotein syn-
thesis. Nature (Lond.) 163:676. 
Beutler, E.; Yeh, M.; Fairbanks, V.F. (1962). The normal human 
female as a mosaic of X-chromosome activity: studies using the 
gene for glucose-6-phosphate-dehydrogenase deficiency as a 
marker. Proc.nat.Acad.Sci. U.S.A. 48, 9:16. 
Cattanach, B.M. (1962). XO mice. Genet.Res.Camb. 3: 487-490. 
Deckers, J.F.M. (1971). De XO muis als object voor genphysiologisch 
onderzoek. Genen Phaenen 14: 47-48. The XO mouse as an object 
for genphysiological investigation. Genetic Abstracts G6730. 
DeMars, R.; Nance, W.E. (1964). Electrophoretic variants of glu-
cose-6-phosphate-dehydrogenase and the single-active-Χ in cul­
tivated human cells. Wistar Institute Symposium Monograph 1: 
35-46. 
DeMars, R. (1968). A temperature-sensitive glucose-6-phosphate-
dehydrogenase in mutant cultured human cells. Proc.nat.Acad.Sci. 
U.S.A. 61: 562-569. 
22 
Forbes, A.P.; Jacobson, J.G.; Carroll, E.L.; Pechet, M.M. (1962). 
Studies of growth arrest in gonadal dysgenesis: responce to exo-
genous human growth hormone. Metabolism 11: 56. 
Fraccaro, M. ; Gemzell, CA.; Lindsten, J. (1960). Plasma level of 
growth hormone and chromosome complement in four patients with 
gonadal dysgenesis (Turner's syndrome). Acta Endoc. 39: 496. 
Goldstein, J.L.; Marks, J.F.; Gartier, S.M. (1971). Expression of 
two X-linked genes in human hair follicles of double heterozygotes. 
Proc.nat.Acad.Sci. U.S.A. 68: 1425-1427. 
Grüneberg, H. (1966). More about the tabby mouse and about the Lyon-
hypothesis. J.Embryol.exp.Morph. 16: 569-590. 
Grüneberg, H. (1967). Gene action in the mammalian X-chromosome. 
Genet.Res, 9: 343-357. 
Grüneberg, H. (1969). Treshold phenomena versus cell heredity in the 
manifestation of sex-linked genes in mammals. J.Embryol.exp.Morph. 
22: 145-179. 
Henking, H. (1891). Untersuchungen über die ersten Entwicklungsvor-
gänge in den Eiern der Insekten. II. Über Spermatogenese und deren 
Beziehung zur Eientwicklung bei Phyrrhocoris apterus L. 
Z.wiss.Zool., 51: 685. 
Hutten, J.W.M.; Linden, A.G.M.J. van der (1971). Fluorescence of chro-
mosomes in normal and XO mice (Mus musculus). Genen Phaenen 14: 
42-45. 
Kaufman, M.H. (1972). Non-random segregation during mammalian oogene-
sis. Nature 238: 465-466. 
Linder, D.; Gartler, S.M. (1965). Glucose-óphosphate-dehydrogenase 
mosaicism: utilization as a cell marker in the study of leiomyomas. 
Science, N.Y. 150: 67-69. 
23 
Lindsten, J.; Fraccaro, M. (1969). Turner's syndrome. In: Selected 
topics on genital anomalies and related subjects, edited by 
C.C. Thomas, Springfield, Illinois, U.S.A. 
Lyon, M.F. (1961). Gene action in the X-chromosome of the mouse. 
Nature 190: 372-373. 
Lyon, M.F. (1966). Sex chromatin and gene action in the X-chromo-
some of mainmals. In: The sex chromatin, edited by Keith L. Moore, 
W.B. Saunders Company, Philadelphia, London. 
Lyon, M.F. (1968). Chromosomal and subchromosomal inactivation. 
Ann.Rev.Genet. 2: 31-52. 
Lyon, M.F.; Hawker, S.G. (1973). Reproductive lifespan in irradia-
ted and unirradiated chromosomally XO mice. Genet.Res.Camb. 21: 
185-194. 
Migeon, B.R. (1970). X-linked hypoxanthine-guanine phosphoribosy-
transferase deficiency: detection of heterozygotes by selective 
medium. Biochem.Genet. 4: 377-383. 
Morris, T. (1968). The XO and OY chromosome constitutions in the 
mouse. Genet.Res.Camb. 12: 125-137. 
Ohno, S.; Kaplan, W.D.; Kinosita, R. (1959). Formation of the sex 
chromatin by a single X-chromosome in liver cells of Rattus nor-
vegicus. Exp.Cell Res. 18: 415. 
Rosenbloom, F.M.; Kelley, W.M.; Henderson, J.F.; Seegmiller, J.E. 
(1967). Lyon hypothesis and X-linked disease. Lancet ii: 305-306. 
Russell, W.L.; Russell, L.B.; Gower, J.S. (1959). Exceptional in-
heritance of a sex-linked gene in the mouse explained on the 
basis that XO sex-chromosome constitution is female. Proc.Nat. 
Acad.Sci. U.S.A. 45: 554-556. 
24 
Welshons, W.J.; Rüssel, L.B. (1959). The Y-chromosome as the 
bearer of male determining factors in the mouse. Proc.Nat.Acad. 
Sci. U.S.A. 45: 560-566. 
25 

HOOFDSTUK 2 
Weigth and growth rate. 
SUMMARY 
The growth rate of XO mice during the first five weeks of life 
was shown to be significantly lower (ca, 15%) than the growth 
rate of normal XX mice. As a marker gene Tabby was introduced in 
order to recognize hemizygote XO females. The presence or absence 
of this gene had a significant influence on growth rates. XO fe-
males could only be compared to XX females in an indirect way. 
The differences found could not be attributed to maternal influen-
ce or to the influence of littersize. 
These results are not in accordance with the generally accepted 
views concerning these mice. 
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INTRODUCTION 
In 1959 the occurrence in mammalian species was verified of indi-
viduals with feminine habitus which had only one sex - chromosome 
(XO). This was proved to occur among mice: 39,X (Russell et al., 
1959) as well as among humans: 45,X (Ford et al., 1959). 
One of the most obvious symptoms in human XO patients is the retar-
dation of growth processes (Lindsten and Fraccaro, 1969), while 
growth and development seems hardly to be retarded in mice with 
this deficiency (Welshons and Russell, 1959; Cattanach, 1962). 
While in human beings the deficiency results in ovarian dysgenesis 
and sterility (Hauser, 1963; Jones et al., 1963; Lindsten and 
Fraccaro, 1969), XO mice are fertile, though a slight reduction of 
productivity in comparison with normal females seems to occur 
(Welshons and Russell, 1959; Russell et al., 1959; Cattanach, 1962; 
Morris, 1968). 
As a consequence it is possible to breed XO mice while the use of 
X - chromosomal coat color genes can enable us to differentiate 
between XO and XX litter partners. Thus verification by karyotyping 
can be omitted. Using such a breeding procedure we have investigated 
whether an analysis of growth and reproduction of XO mice offers 
an analogy with human patients. In a previous preliminary paper 
(Deckers, 1971) we concluded that vitality of XO mice are affected. 
This paper concerns the results of studies about weight and growth 
rate of the XO mouse. 
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MATERIAL 
The XO stock of the Mouse Research Group at Nijmegen University's 
Genetics Department was used. Source of this stock were two couples 
obtained from D.S. Falconer (Edinburgh, Scotland) in June, 1965. 
Since no obvious phenotypical differences between 39,X mice and 
their normal 40,XX sisters can be observed, the semi-dominant fur 
gene Tabby, a spontaneous sex - linked mutation (Falconer, 1952), 
was introduced as a marker. 
The breeding schedule of Tabby marked 39,X mice is shown in 
figure 1. 
The coat of heterozygous females (genotype Та/ta) is conspicuous 
by faint darkly patched cross - bands (phenotype Ta I in table 1). 
The coat of hemizygous males and females (genotype Ta/-) is homo­
geneously coloured, but tails are hairless and there are bald pat­
ches behind the ears (phenotype Ta II in table 1). 
Criss - cross inheritance of the hemizygous Tabby phenotype is 
evident: males in the odd generation and females in the even ones. 
Heterozygous Tabby females are from different origins. In the odd 
generations they are the offspring of hemizygous Tabby mothers, in 
even generations however the mothers are non - Tabby 39,X females. 
It is clear that there are two types of 39,X females e.g. wild 
type and Tabby (table 1, fig. 1). 
Initially breeding was not very succesful. Litters were few and 
small, a wellknown phenomenon when one starts a newly obtained 
stock. 
30 
Table 1. Experimental animals from the different experimental groups. 
• — — 1 
chromosomes 
39,X 
40,XX 
39,X 
40,XX 
40,XX 
40,XX 
genotype 
ta/-
Ta/ta 
Ta/-
Ta/ta 
ta/ta 
Ta/ta 
phenotype 
wild 
Ta I 
Ta II 
Ta I 
wild 
Ta I 
genotype 
mo ther 
Ta/-
Ta/-
ta/-
ta/-
Ta/ta 
Ta/ta 
breeding schedule 
figure generation 
1 odd 
1 odd 
1 even 
1 even 
2 all 
2 all 
nomenclature 
XO 
TaX / TaO X 
TaO 
TaX / XO 
XX 
TaX / TaX 
TaX / TaO means: TaX young bom from TaO mothers 
chromosomes 
sex-linked marking gene Tabby 
odd generation 
even generation 
etc. 
Figure 1. The breeding schedule of Tabby marked 29,X mice. 
chromosomes 
sex-linked marking gene Tabby 
T a / -
etc. 
Figure 2. The breeding schedule of a stock with tata and Tata mice. 
An attempt was made to strengthen the stock by out - breeding to 
a agouti - stock having a favourable genetic background in our 
stables. Moreover the agouti fur - background is very well suited 
for the identification of the heterozygous Tabby condition. 
It is possible that the Tabby gene in the crossing mentioned above 
might have an influence on the characteristics which are being 
studied. 
Therefore a second stock was bred from 40,Ta/ta females and 40,ta/-
males (figure 2). 
In this way experimental groups were formed as indicated in table 1. 
METHODS 
All descendants from experimental and control crossings were weighed 
daily from the first until the 35the day post partum at the same 
time. Only observations on litters showing both 39,X as well as 
other females were used as data for calculations. In order to check 
a possible maternal influence on progeny weight, the growth data of 
groups of identical genotype (viz. the three TaX groups) but geno-
typically unidentical heritage were compared. 
Moreover we determined the size of litters to which experimental 
animals belonged and also the litter size mean of the stock in 
question during the period in which the groups were formed. 
Environmental conditions were identical for all animals: temperature 
20 C, relative humidity 70%, artificial daylight from 6.45 a.m. to 
17.45 p.m., ventilation of the entire experimental room 15 times per 
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hour. Water and food were supplied ad libitum. A standard labora­
tory diet of pellets was offered (Hope Farms Ltd., Woerden, the 
Netherlands). 
Calculations were performed by means of a Diehl Combitron S/20 
table computer. 
RESULTS 
The mean weights +_ the stand error of the means on days 1,7, 14, 21, 
28 and 35 of the different groups of females are given in table 2. 
Maternal influences 
We compared the growth of the genotypically identical groups of 
TaX mice from genotypically different mothers, viz. TaX / TaX, 
TaX / TaO and TaX / XO (nomenclature see table 1, weight data see 
table 2). 
The growth curves can be considered to be linear in the ivestigated 
phase of development (for each groep r = + 0.98 and Ρ < 0.1%). 
Moreover it appears that the three curves coincide (table 3, calcu­
lations according to Documenta Geigy, 1960). As a consequence the 
groups TaX / TaX, TaX / TaO and TaX / XO can be joined to form one 
group TaX. 
The three growth - curves can be substituted by one single line 
(see figure 3). 
Size of litters 
Data on the size of litters to which experimental mice belonged 
are given in table 4. It is evident that TaO mice and their TaX 
sisters are born in litters that are significantly larger than the 
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Table 2. The mean weights (X) +_ the standard error of the means (S.E.M.) on days 
Ij 7, 14, 21, 28 and 35 of the different groups of females. 
XX/TaX X 
day number χ S.E.M. 
1 11 1.65 + 0.05 
7 9 4.38 + 0.22 
14 11 8.14 + 0.36 
21 9 10.12+0.53 
28 14 14.43 + 0.57 
35 14 19.06+0.57 
TaX/TaX 
day number χ S.E.M. 
1 13 1.55 + 0.07 
7 12 3.77 + 0.25 
14 15 7.27 + 0.28 
21 12 9.27 + 0.31 
28 15 13.69 + 0.45 
35 15 17.95 + 0.60 
ХО/ТаО 
day number χ S.E.M. 
1 15 1.39 + 0.06 
7 Π 3.41 + 0.18 
14 6 5.88 + 0.24 
21 11 8.09 + 0.64 
28 17 11.85+0.57 
35 16 15.94 + 0.55 
TaO/XO 
day number χ S.E.M. 
1 14 1.60 + 0.06 
7 11 3.32 + 0.27 
14 9 5.74 + 0.42 
21 10 7.04 + 0.53 
28 21 8.79 + 0.53 
35 15 12.07 + 0.69 
TaX/TaO 
day number χ S.E.M. 
1 15 1.52 + 0.05 
7 11 3.80+0.13 
14 6 6.01 + 0.24 
21 11 8.57 + 0.50 
28 17 12.66 + 0.47 
35 16 16.66 + 0.49 
TaX/XO 
day number χ S.E.M. 
1 14 1.63 + 0.06 
7 11 3.79 + 0.18 
14 9 6.41 + 0.46 
21 10 8.76 + 0.61 
28 21 12.36 + 0.51 
35 15 17.28 + 0.64 
χ / means: born from 
Table 3. Performance of calaulations on growth curves of XXt TaX3 XO and TaO mice. 
Experimental Group 
correlation coefficient 
gradient 3 ^  standard 
deviation 
Experimeiital Group 
correlation coefficient 
gradient β _+ standard 
deviation 
TaX/XO 
0) 
+0.99 
0.44 + 0.01 
XO 
+0.99 
0.41 + 0.01 
TaX/TaO 
(2) 
+0.99 
0.43 + 0.01 
TaO 
+0.99 
0.28 + 0.00 
TaX/TaX 
(3) 
+0.99 
D.45 + 0.01 
XX 
+0.99 
0.48 + 0.01 
TaX 
(l)+(2)+(3) 
+0.99 
0.44 + 0.00 
Test - results from re- - all curves can be considered to be linear r = + 0.099 P<0.1Z 
gression analysis - β compared to β t = 7.7273 P<0.1% 
XX 1 cLA 
- ß T a x compared to β
χ ο
 t = 3.9692 P<0.1% 
- β
χ ο
 compared to ß T a 0 t = 2.2198 2%<P<5% 
χ calculations according to Documenta Geigy (1960) 
Table 4. Mean litter size + standard error of the mean (s.e.m.) of litters to which 
the experimental animals belonged. 
Experimental 
animals 
XO and 
TaX / TaO 
TaO and 
TaX / XO 
XX and 
TaX / TaX 
Breeding schedules 
1 odd generation 
1 even generation 
2 even generation 
Number of 
litters 
14 
15 
13 
mean litter size 
+_ s.e.m. 
6.93 + 0.13 
8.67 + 0.17 
6.31 + 0.18 
Body weight 
(gr) 
20. 
Age in days 
Figure 3. The relation between age and body weight of XX, ТаХ
л
 X0 and TaO mice. 
litters in which XO and XX mice and their TaX sisters were born (Stu­
dent's t-test, Ρ < 0.5%). There is no indication of a difference 
between XO and XX mice as to the size of litters they were born in. 
We also examinated whether in the stock the average size of litters 
was higher when 39,X mice had been produced. Average size +_ standard 
error of the mean (s.e.m.) of litters containing 39,X offspring was 
7.83 + 0.82 (n = 29). Average size of litters without 39,X offspring 
during the same period was χ = 6.75 + 1.72 (η = 20). The difference 
is not significant. 
Average weight 
In each experimental group the average weight +^  standard error of the 
mean (s.e.m.) was determined. A part of the data is given in table 2. 
The relation between age and body weight is shown in figure 3. Growth -
curves of XX, TaX, XO and TaO groups can be considered to be linear 
at least during the stages of development enclosed in this study 
(for each group r = + 0.98 and Ρ < 0.1%). However, slopes are sig­
nificantly different (table 3). 
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DISCUSSION 
In order to recognize XO mice among normal XX mice the marking 
gene Tabby, an X - chromosomal semi-dominant coat color gene, 
was introduced. 
The breeding outline of the 39,X stock shows (figure 1) that two 
different generations of 39,X mice appeared, viz. XO animals in 
the odd generation and TaO animals in the even one. In each of 
these generations the controls were TaX mice and not XX mice. 
Thus if we actually wanted to compare 39,X and normal 40,XX mice, 
we had to form the following experimental groups: 
XO and TaX / TaO group, TaO and TaX / XO group, whereas in an 
extra control crossing XX and TaX / TaX mice had to be compared. 
In the literature (Cattanach, 1962) the possibility of maternal 
influence on offspring - weight is mentioned. We considered this 
possibility in the three TaX groups: TaX / TaX, TaX / TaO and 
TaX / XO (table 3). Influences of the maternal genotypes on growth 
and development of offspring could not be ascertained, which did 
not agree with Cattanach's conclusion that "Tabby in the mothers 
reduces the weight of her offspring". The growth curves of the 
three TaX groups coincided and for further calculations the groups 
were combined to form one TaX group. 
According to Cattanach (1962) the average litter size is higher 
when 39,X offspring is present whereas individual weights are 
reduced. In our stock however, during the period in which the 
experimental groups were formed, we did not find significant 
differences in this aspect. When forming an experimental group 
we always included an XO mouse and her TaX sister, taking into 
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consideration the size of the litter they were born in and the 
birthweights. It became evident (table 2) that genotypically 
identical young (TaX) from different sized litters (table 4) showed 
identical birthweights, thus no litter influences could be demon­
strated. However, genotypically non -identical young (XX and XO 
mice) from equally sized litters (table 4) showed significant dif­
ferences in birthweights (Student's t-test, t = 3.0080 and Ρ < 1%). 
XX young have a greater offspring weight in comparison with XO young. 
As to birthweight TaO mice cannot be compared to XX or XO mice as we 
would in this case compare animals of genotypically different extrac­
tion born in differently - sized litters. 
There are several significant differences however, when we compare 
growth curves of XX, TaX, XO and TaO mice. The average daily increa­
se (growth rate = gradient β) is larger for XX than for TaX mice and 
larger for XO than for TaO mice. This indicates a possible influence 
of the Tabby gene on the weight of mice carrying this gene. Catta-
nach finds "the difference in weight between TaX and XX offspring of 
TaX mothers far from significant and thereafter compares XO and 
TaX individuals". We however did find significant differences be­
tween TaX and XX offspring from TaX mothers. 
The growth rate β of TaX young was 8% lower than the growth ratio 
in XX young. Evidently when comparing 39,Χ and normal mice we will 
always have to consider the presence or absence of the Tabby factor. 
For this reason we compared XO to XX mice and found β = 0.4106 for 
XO and β = 0.4815 for XX mice. If we consider the growth rate for 
XX mice to be 100%, this would be
 0', „^ χ 100% = 85.3% for XO mice, 
a difference of about 15%. 
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For TaO mice this even amounted to about 43%. As has been discussed 
this divergence cannot be explained by maternal - or litter influen-
ces. 
We finally arrive at the conclusion that phenotypical differences 
between XO and XX mice, most certainly when concerning growth rates, 
arise from genotypically different constitutions. 
As is the case in XO humans mice having a single X-chromosome con-
stitution show growth retardation. 
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HOOFDSTUK 3 
Body temperature and thyroid. 
SUMMARY 
In female mice with a single X-chromo s ome constitution body 
temperature and thyroid activity were found to be lower than 
in normal females. It is suggested that the lower growth rate 
characteristic for the XO mice is a consequence of hypothyroi-
dism and a lower basal metabolic rate. 
The results show that phenotypically XO mice are not completely 
normal. Therefore they cannot be used as a basic item for the 
so called inactive-X-hypothesis put forward in 1961 by Lyon. 
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INTRODUCTION 
In 1961 Lyon published the "inactive-X hypothesis". It is postu-
lated that in XX females only one of the two X-chromosomes is in 
an active state, while early in embryogenesis the other X-chromo-
some becomes inactivated. 
If this hypothesis holds, only one X-chromosome would be necessa-
ry for normal development of the female body. In formulating her 
theory Lyon used two main items of genetic evidence: 
1) the phenotype of the XO mouse is normal; 
2) female mice heterozygous for X-chromosomal coat-color genes 
exhibit a mosaicism in their coat color. 
The second item has been critisized several times e.g. by Grüne-
berg et al. (1966, 1968). Based upon results of experiments with 
X-chromosomal coat-color genes they propose a complemental X-hypo-
thesis, i.e. "in the female both X-chromosomes jointly have the 
same effect as the single X in the male" (Grüneberg, 1969). 
Since we found a lower growth rate of XO mice (Chapter 2) we 
decided to search for a possible cause of the lower growth rate 
and to investigate whether these mice deviate from normals in 
other aspects. 
Growth rates are mainly regulated by growth hormone and thyroid 
hormones. As is the case in XO mice human females having a single 
X-chromosome constitution (Turner's syndrome: 45,XO) show growth 
retardations. Available findings are not in favour of a decreased 
production of growth hormone in these patients, on the contrary 
normal or increased serum levels of growth-hormone-like activity 
have been found (Daughaday et al., 1959; Fraccaro et al., I960; 
Forbes et al., 1962; Almqvist, 1963; Almqvist et al., 1964). 
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We therefore decided to investigate whether thyroidal hypo-acti-
vity and lowered basal metabolism are possible causes of the de-
creased growth-rate found in XO mice. 
MATERIALS AND METHODS 
For our experiments we used XO, TaX and XX mice. A detailed des-
cription and breeding schedule have been published in a previous 
paper (Chapter 2). To exclude possible inter-litter variations 
experimental groups were composed in such a way that an XO mouse 
is always accompanied by a TaX litter mate. To test whether chan-
ges in nuclear volumes of follicular epithelial cells are corre-
lated with changes in thyroid activity, animals from a Swiss al-
bino strain were used (experiment A in table 1). 
Body temperatures of albino mice 3 months of age were measured as 
described below. Thereafter, during a period of three weeks the 
animals were injected daily on the same time. One group of animals 
was injected with 4 I.U. TSH (Ambinon, Organon, Oss, the Nether-
lands) and with 0.005 mg of exogeneous thyroxin to inhibit the 
endogeneous TSH production, another group was injected only with 
0.005 mg thyroxine solved in 0.2 cc of a saline solution. A con-
trol group was injected with saline solution only. Temperature 
measurements were performed every day at the same time with an 
electronic thermometer (model T.W.L. from TRI-R Instruments, Rock-
ville Centre, New York) which was inserted 1.5 cm into the rectum. 
Since it is known that the oestrus cycle influences body temperature, 
the measurements were performed daily during at least two cycli 
(10 days). 
We calculated the mean body temperature for each mouse from a period 
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of 10 days before the first injection and during the last 10 days 
of the injection period. Also the body temperatures were measured 
in mice from experimental groups of XO and TaX sisters (experiment 
В in table 1) and from TaX and XX sisters (experiment С in table 1). 
The albino animals used for temperature measurements were killed 
by dislocation of the neck, their thyroid glands were removed 
and processed for histological examination according to the freeze-
substitution technique after Simpson and embedded in paraplast 
(Sherwood Medical Industries Inc., St. Louis, Missouri). 
Sections (10 μ) were stained with Iron-Haematoxylin after Weigert 
and counterstained with chromotrop-2R (Romeis, 1948). 
From each thyroid five sections chosen at random were examined. 
From each section about twenty epithelial follicle nuclei, were 
drawn at a magnification of 2900 x, using a Leitz Laborlux micros­
cope with camera lucida. The nuclear volumes were calculated after 
Π 2 the formula: volume V = -τ 1 b (1 = major axis and b = minor axis of 
the projected nucleus) after Ludwig (1950), Palkovits (1963) and 
Palkovits and Fischer (1968). For every animal a mean value (for 
body temperature and for log volume of the nuclei of the epithelial 
cells of thyroidal follicles) was calculated and from these mean 
values a mean value for the whole group and the standard error of 
the mean (S.E.M.) was determined. Significancies between litter ma­
tes with different genotype were tested with the paired t-test 
(Cavalli-Sforza, 1965). 
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Table 1. Performance of measurements -in different experimental groups. 
Experiment 
A 
Swiss albino 
mice 
В 
XO and TaX 
litter mates 
С 
XX and TaX 
litter mates 
Experimental 
Group 
Injection 
TSH 
Thyroxin 
Control 
XO 
TaX 
XX 
TaX 
Number of 
animals 
(5) 
(5) 
(5) 
(10) 
(10) 
(14) 
(14) 
Body Temperatures ( C) 
means + S.E.M. 
before injection 
36.55 + 0.11 
36.67 + 0.20 
36.72 + 0.10 
36.38 + 0.11х4 
36.98 + 0.04 
36.91 + 0.07 
36.81 + 0.06х5 
after injection 
37.02 + 0.10Xl 
37.54 + 0.05х2 
36.47 + 0.11х3 
Nuclear size 
in thyroid in 
means + S.E.M. 
in arbitrary 
units. 
2.53 + 0.06х6 
2.08 + 0.06х7 
2.25 + 0.04 
2.31 + 0.02х8 
2.38 + 0.03 
Table 1. (continued) 
Test 
xl. 
x2. 
x3. 
x4. 
x5. 
x6. 
x7. 
x8. 
resu" 
mean 
mean 
mean 
tion 
mean 
mean 
mean 
mean 
mean 
Lts: 
significantly different from mean before injection 
significantly different from mean before injection 
not significantly different from mean before injec-
significantly different from mean of TaX 
not significantly different from mean of XX 
significantly different from mean control group 
significantly different from mean control group 
significantly different from mean control group 
t-
t 
t 
t 
t 
t 
t 
-value 
= 3.08 
= 4.62 
- 4.77 
= 6.04 
= 3.18 
= 3.29 
Ρ 
Ρ 
Ρ 
Ρ 
Ρ 
Ρ 
Ρ 
< 
< 
< 
< 
< 
< 
% 
% 
% 
% 
% 
% 
The TSE group was injected with 4 I.U. Ambinon (Organon) + 0.005 mgr. thyroxin in 0.2 cc 
saline solution^ the thyroxin group with 0.005 mgr. thyroxin in 0.2 cc saline solution, 
the control group with 0.2 cc saline solution only intra - peritoneal. 
Differences between means of groups are tested with the paired t-test (Cavalli - Sforza, 
1965). 
RESULTS 
Temperatures of each animal were measured during ten days. For each 
animal we calculated the mean body temperature during this period. 
From the mean body temperatures of the experimental animals we cal-
culated the mean body temperature of each experimental group. 
These data are given in table 1. Differences in body temperature of 
the control group before and during the injection with saline solu-
tion are insignificant. TSH injections or thyroxine injections alter 
body temperature significantly. Body temperatures of TaX mice do 
not deviate from those of XX mice, body temperatures of XO mice are 
significantly lower than these of TaX litter mates. 
The mean log volumes of the nuclei of follicle epithelial cells 
of thyroid for each experimental group are also given in table 1. 
Thyroxin or TSH injections alter the volumes of these nuclei. In 
XO mice these nuclei are significantly smaller in comparison to those 
of TaX litter mates. 
DISCUSSION 
The exclude possible inter-litter variations we decided to compare 
two groups only when composed from the same litters. Differences be-
tween groups were tested by calculating the differences of the 
means of sister-pairs in the two groups and testing this mean of 
these differences against zero (paired t-test, Cavalli-Sforza, 1965). 
Differences in body temperature before and after injection were tes-
ted in the same way. 
From the results of experiment A (table 1) we may conclude that 
exogeneous thyroxin significantly increases body temperature. After 
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injection with TSH (which increases the endogeneous thyroxine 
level) body temperature also rose significantly. From the data 
on the control group we can see that these effects are not only 
caused by the injection. 
Thyrotropic hormone increases nuclear volumes of the thyroidal 
epithelial cells. Exogeneous thyroxin addition inhibits the 
production of endogeneous hormone and consequently nuclear sizes 
decrease (Lever, 1950; Mess, 1954, 1958; Alfert, et al., 1955; 
Koch, 1958). Thus we can compare thyroid activity in two groups 
of animals by measuring the nuclear volumes of the follicle 
epithelial cells. Even a TSH bio-assay is based on this karyo-
metric method (Mess, 1956). Our determinations of nuclear volu­
mes of the thyroidal epithelial cells (experiment A in table 1) 
are in agreement with the results mentioned in literature. 
It is generally known that thyroid hormones increase the meta­
bolic rate and oxygen consumption, injections of thyroid hor­
mones in mammals elevate metabolic rate and body temperature 
(Pitt-Rivers and Tata, 1959). 
If we wish to compare XO mice with XX mice we cannot do this 
directly since in litters with XO offspring only TaX females 
and no XX offspring appear (See Chapter 2). Therefore we 
can only compare XO mice with TaX mice (experiment В in table 1). 
Since the mean body temperature of XO mice was significantly 
lower than that of their TaX litter mates, we expected a lowered 
thyroidal activity as compared to their TaX litter mates. There­
fore we decided to measure the nuclear volumes of the follicle 
epithelial cells in these mice. The results are in agreement 
with our expectations since XO mice indeed show significantly 
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smaller nuclear volumes in comparison with TaX litter mates. 
Similarity of mean body temperatures of TaX and XX litter mates 
(experiment С in table 1) - experimental groups composed by a 
supplementary mating (Chapter 2) to obtain TaX and XX off­
spring in the same litters - clearly indicate the normality of 
TaX mice with respect to basal metabolic rate and thyroid acti­
vity. Therefore, XO mice are abnormal in body temperature and 
thyroidal activity. 
We thus do not agree with the authors who postulate that XO 
mice are normal (Welshons and Russell, 1959; Russell et al., 1959; 
Cattanach, 1962) and so the item for the Lyon hypothesis based 
on the normality of XO mice cannot be correct. We therefore 
conclude that at least in some aspects the activity of only one 
X chromosome is not sufficient for the normal development of 
female mice. 
(Perhaps normal sexual differences in body weight, temperature 
and thyroidal activity between XX and XY individuals may be in­
fluenced also by the differences in X-chromosomal content of 
the body cells). 
Without an additional hypothesis the Lyon hypothesis cannot be 
applied to humans. For individuals with an XO, XXY or XXXY com­
plement, would then be expected to show no phenotypical abnor­
mality. Therefore also in man at least a part of the "inacti­
vated" X-chromosome remains active or "the second X-chromosome 
in man cannot be completely inactive in all stages of develop­
ment" (Lyon, 1966). 
It is interesting to note that one of the most obvious symptoms 
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in human XO patients i.e. the retardation of growth processes 
can not be attributed to a diminished secretion of growth hor­
mone, as growth hormone levels in these patients are normal 
(Daughaday, 1959; Fraccaro et al., 1960; Forbes et al., 1962; 
Almqvist et al., 1963, 1964). Therefore, "future research will 
have to locate where the primary action of the genetical defect, 
which is responsible for retardation of growth in these patients, 
lies in space and time of development" (Lindsten, J. and Fracca­
ro, Μ. , 1969). It is generally accepted that thyroid hormones 
are of great importance for growth processes, since growth fai­
lure occurs in individuals with a hypo-activity of the thyroid 
and rapid growth spurts regularly follow the treatment with thy­
roid hormones (Tepperman, 1968). 
Our data emphasize once more that it is worth while to examine 
the thyroid gland of patients with Turner's syndrome, the more 
so as "detailed studies of thyroid hormone production in patients 
with this condition do not occur" (Lindsten and Fraccaro, 1969). 
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HOOFDSTUK 4 
The Ovary 
SUMMARY 
Our studies on XO mice demonstrate an underdexteloyment of the 
ovaries in comparison to normal litter mates. The XO ovaries 
are smaller and a significantly lower number of maturing and 
mature follicles are present. Since these deviations can be 
compensated by unilateral ovariectomy they must Ъе effectuaved 
by extra-ovarial factors
s
 most probably by the gonadotropic hor­
mone secretion in the anterior lobe of the pituitary. 
There have been found indications that the activity of the oes­
trogen producing system is too law also. 
The differences between the aberrations found in XO mice and 
those mentioned in literature about XO men (patiens with Tur­
ner's syndrome) in these aspects seem to be only of gradual 
nature. 
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INTRODUCTION 
In two previous papers we concluded that XO mice have a lower 
growth rate, lower body temperature and diminished thyroid 
function in comparison to normal litter mates (Chapter 2; 
Chapter 3). These findings are in contradiction with the conclu-
sion of Russell et al (1959), Welshons and Russell (1959) and 
Cattanach (1962) who stated that the development of XO mice is 
normal. 
We also postulated (Chapter 3) that it is not correct to use 
the XO mouse as a basis-item for the inactive X - hypothesis put 
forward by Lyon (1961). 
In literature no clear indications on eventual subnormal ferti-
lity of XO mice could be found. Welshons and Russell (1959), 
Cattanach (1962) and Morris (1968) conclude to a nearly normal 
reproduction capacity of these mice. 
However, since growth rate, body temperature and thyroid function 
of XO mice are not normal we also decided to re-investigate 
reproductivity of XO mice. In a previous preliminary paper (Deckers, 
1971) we concluded that the fertility of XO mice is affected. 
In this paper we present results of studies on ovary characte-
ristics of XO mice. We also tried to investigate whether the 
cause of the deviations found lies inside (autophaenic) or out-
side the ovary (allophaenic) and to compare the aberrations found 
in the XO mice with the literature about XO men in these aspects. 
In a following paper we will present data concerning the real 
reproductivity of the mice of the XO-line by means of their off-
spring. 
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MATERIALS AND METHODS 
For a description of the XO-line from which the experimental ani­
mals descended see Chapter 2. From this line two groups were 
composed so that an XO mouse in the XO experimental group is 
always accompagnied by a randomly chosen TaX litter mate in the 
control group. 
XO mice and TaX litter mates of 4 months of age were anaesthe­
tized with ether. One or both ovaries were removed and treated 
according to the freeze-substitution technique after Simpson 
and embedded in paraplast (Sherwood Med. Ind. Inc. St. Louis, 
Missouri). The 10 μ serial sections were colored with Iron-
Haematoxylin after Weigert and counterstained with chromotrop -
2R (Romeis, 1948). 
Volumes of ovaries were determined with the point-counter method 
(Glagoleff, 1934) modified by v.d. Kroon et al. (to be published). 
In each ovary we counted the number of Graafian follicles con­
form to type 8 of the classification proposed by Pedersen and 
Peters (1969). 
Because classification may be liable to subjective interpretations 
we also counted the follicles of type 6 and 7 according to the 
mentioned classification of eight ovaries of each experimental 
group. From the ovary volume determinations and follicle coun­
tings of each animal we calculated the mean ovary volume and the 
mean number of Graafian follicles and follicles of type 6 and 7 
for each experimental group. 
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From each of the eight ovaries of both groups about 100 nuclei 
of the interstitial cells chosen at random were drawn at a 
magnification of 2900 χ using a Leitz Laborlux microscope with 
camera lucida. 
As a measure for nuclear-size we considered the sum of the 
lengths of the major and minor axis. From the 100 nuclear-size 
determinations we calculated the mean nuclear size of each 
ovarial interstitium. From these means the mean nuclear size 
of the experimental group were calculated. 
We followed the same procedure for determinations of the nuclear-
size of the cells of the theca interna. 
From half of the X0 group and the TaX litter mates group we re­
moved the left ovary under ether anaesthesia, from the other half 
of these groups we removed the right ovary. After a period of six 
weeks the remaining ovary was removed and prepared to histologi­
cal evaluation as described. 
Significancies between litter mates with different genotype or 
before and after unilateral ovariectomy were tested with the 
paired t-test (Cavalli-Sforza, 1965). 
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RESULTS 
The calculated means +_ standard error of the mean (S.E.M.) for 
ovary volumes, number of follicles and nuclear sizes are given 
in table 1. 
Moreover in these table ovary volumes and number of Graafian fol-
licles before and after unilateral ovariectomy are given. 
Comparison of the means of both experimental groups (table 1) 
with the paired t-test (Cavalli-Sforza, 1965) shows highly 
significant differences between ovary volumes, number of Graafian 
follicles, follicles of type 6 and 7 and nuclear size of inter-
stitium and theca interna cells. 
In XO mice highly significant differences exist also between 
ovary volumes and number of Graafian follicles before and after 
ovariectomy. 
In TaX mice this does only apply to the number of Graafian 
follicles. Ovary volume and number of Graafian follicles of 
XO mice after unilateral ovariectomy and of TaX mice before 
unilateral ovariectomy are not significantly different. 
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Table 1. Characteristics of ovaries from XO mice and TaX litter mates. 
Characteristics 
volumes of ovaries 
number of Graafian follicles 
follicles of type 6 and 7 
nuclear size of interstitial cells 
nuclear size of theca cells 
volumes of ovaries before ectomy 
volumes of ovaries after ectomy 
number of Graafian follicles before ectomy 
number of Graafian follicles after ectomy 
η 
12 
12 
8 
8 
8 
5 
5 
5 
5 
XO 
4.27 + 0.24 
8.67 + 0.88 
37.75 + 2.02 
30.12 + 0.82 
35.76 + 1.20 
4.42 + 0.56 
7.08 + 0.71 
9.33 + 1.31 
15.67 + 1.85 
TaX 
8.92 + 0.65 X 
13.00 + 0.69 X 
55.00 + 5.36 X 
33.76 + 0.42 X 
38.94 + 0.83 X 
6.14 + 0.45 
7.83 + 1.24 
13.00 + 1.27 
22.40 + 1.72 
SIGNIFICANCIES: 
χ mean significantly different from mean of XO groups (P < 2%) 
+ mean significantly different from mean before unilateral ovariectomy (P < 2%) 
- mean not significantly different from mean before unilateral ovariectomy 
- The number of pairs of experimental animals are given below n. 
- All values are means of means +_ standard error of the means. 
- Volumes of ovaries and nuclear sizes are given in arbitrary units. 
- Classification of follicles is according to Pedersen and Peters (1969). 
- For nuclear size determinations for each experimental group we calculated mean 
of the means of 100 nuclei per mouse. 
- Differences between both experimental groups or between before and after unilateral 
ovariectomy are calculated with the paired t-test. (Cavalli-Sforza, 1965). 
DISCUSSION 
To exclude possible inter-litter variations we decided to com-
pare two groups only when composed from the same litters. Dif-
ferences between groups were tested by calculating the differen-
ces of the means of sister-pairs in the two groups and testing 
the mean of these differences against zero (paired t-test, 
Cavalli-Sforza, 1965). Differences in ovary volumes and number 
of Graafian follicles before and after unilateral ovariectomy 
were tested in the same way. 
In this paper XO mice are compared with TaX mice only. This has 
to be done with care since Tabby may also influence the studied 
characteristics. However, as the Tabby gene in TaX mothers does 
not have any effect on litter size in comparison to XX mothers 
(Chapter 5) we may compare XO ovaries with XX ovaries as well 
as with TaX ovaries in these aspects. In this case it is prefe-
rable to compare XO with TaX ovaries since both come from the 
same litters, while XX mice would have to be produced by a 
complementary mating (for detailed description see Chapter 2). 
Comparing XO with XX can be incorrect because of the possible 
inter-litter variation. 
From statistical analysis of the data given in table 1 we con-
clude that XO mice have underdeveloped ovaries in comparison 
to TaX litter mates. 
Since the germinative function of the ovary consists among 
other things of the production of ova and the secretion of oes-
trogens, we investigated if the underdevelopment of the XO 
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ovaries has its consequences on these two aspects. 
Production of ova 
Counts of the number of Graafian follicles (type 8 of the clas-
sification of Pedersen and Peters, 1969) show that ovaries of 
XO mice have considerably less Graafian follicles (66.6%) as com-
pared with TaX litter mates (100%). 
To test whether this difference can be attributed to classifi-
cation errors we also counted the follicles of type 6 and 7. 
It appeared that XO ovaries have almost the same low percentage 
(68.6%) follicles of type 6 and 7 as the ovaries of TaX litter 
mates. XO ovaries also posses less mature and maturing follicles. 
This could indicate a lower reproduction capacity of the XO 
mice in comparison with the normal TaX litter mates. 
Secretion of oestrogens 
The interstitial cells are part of the oestrogen-producing sys-
tem of the ovary (Falck, 1959; Brambell, 1956). 
Like other hormone producing cells of endocrine organs (Palkovits 
and Fischer, 1969) nuclear size of normal active cells of the 
ovary increases or decreases according to their stage of activity. 
Injection of ICSH increases the nuclear size of the interstitial 
cells (Merkle, 1962). Hypophysectomy reduces these nuclear sizes 
(Fetzer et al. 1955). 
Nuclear size of interstitial cells is also clearly correlated 
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with oestrogen secretion. On this nuclear size variation even 
a bioassay method is based (Merkle, 1962). 
Since these nuclei are large and roundish we used the sum of 
major and minor axis to determine nuclear size of the inter-
stitial cells, as the error committed by not computing log 
volumes is small in this case. 
We could demonstrate highly significantly smaller nuclei in 
interstitial cells of XO ovaries as compared with those of ova-
ries of TaX litter mates. 
Theca cells also play a part in oestrogen production (Falck, 1959; 
Brambell, 1956). Therefore nuclear size of theca cells was de-
termined too. Theca cells can be subdivided into two groups: 
the cells of the vascular theca interna and the fibrous theca 
externa. This subdivision is necessary as their function is dif-
ferent. The theca interna cells lie in the vicinity of the fol-
licles. These cells are the secretory ones and their nuclear 
volume changes considerably depending on treatment and hormo-
nal influences. As theca externa cells lack any karyometric 
importance (Palkovits and Fischer, 1969) only the nuclear size 
of theca interna cells was determined. 
The nuclei of theca interna cells are very elongated. Therefore 
we introduce an experimental error if we determine nuclear size 
by the sum of major and minor axis instead of calculating log 
volumes. However, differences in section orientation of these 
elongated nuclei cause considerable inaccuracies in determining 
the lengths of the axes. The experimental error mentioned above 
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is small compared to the error caused by the differences in 
section orientation of the nuclei. 
Therefore we decided to determine the nuclear size of theca 
interna cells also by the sum of major and minor axis instead 
of by the laborious computation of nuclear volumes. In spite 
of this relatively inaccurate procedure we found in XO ovaries 
significantly smaller nuclei of the theca interna cells compa-
red with those of ovaries of TaX mice. The smaller nuclei of 
interstitium and of theca interna cells in XO ovaries indicate 
a lower oestrogen production in the ovaries of XO mice. 
The lowered body-temperature and hypothyroidy we found in XO 
mice (Chapter 3) are not in contradiction with a lowered oestro-
gen secretion since thyroxine and oestrogens both raise basal 
metabolism. The action of oestrogen is correlated with thyroid 
activity (Soliman and Ghanem, 1956, 1957; Atalia and Reineke, 
1951). 
The deviations found in the oestrogen producing system as well 
as the diminished number of follicles point to disturbances in 
the germinative function of the XO ovaries. 
The functional state of the ovary is regulated by the secretion 
of gonadotropic hormone in the anterior lobe of the pituitary. 
The question arises whether the disturbances we found are charac-
teristics of the XO ovary (autophaenic) or are caused by factors 
outside the ovary (allophaenic) for instance by a diminished 
secretion of gonadotropic hormones from the XO pituitaries. 
To discriminate between autophaeny or allophaeny we ectomized 
ovaries of a group of XO and TaX mice unilaterally. 
71 
We determined the volumes and number of Graafian follicles in 
the ectomized ovaries and after six weeks in the remaining ova-
ries. These experiments (see table 1) demonstrate a confirmation 
of previous experiments which show that XO ovaries are smaller 
and contain less Graafian follicles in comparison with those 
of TaX litter mates (before ovariectomy). After unilateral 
ovariectomy the remaining ovaries of XO animals show a highly 
significant compensatory hypertrophy in their ovary volumes as 
well as in their number of Graafian follicles. 
The ovaries of TaX mice on the other hand only show significant 
compensatory hypertrophy with respect to the number of Graafian 
follicles. The increase in ovary volume is insignificant. 
By compensatory hypertrophy the XO ovaries normalize i.e. they 
reach the volume and number of Graafian follicles of the normal 
ovaries of TaX mice before unilateral ovariectomy. Therefore the 
too small volume and too few Graafian follicles in XO ovaries 
can be compensated. This indicates that the differences we found 
have to be characterized as allophaenic phenomena, most probably 
induced by a hyposecretion of gonadotropic hormones by the ante-
rior lobe of the pituitary. 
Administration of FSH led to an increase in ovary weight asso-
ciated with a development of follicles. FSH administrated in 
physiological doses neither stimulates the interstitial cells 
nor causes secretion of oestrogen (Greep et al. 1942). 
A combination of FSH and ICSH on the other hand stimulates the 
thecal and interstitial cells and the secretion of oestrogen 
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(Greep et al. 1942, Evans and Simpson 1950). 
The smaller ovary volume and the small number of Graafian fol-
licles indicate a decreased secretion of FSH, the lowered oestro-
gen production to a decreased secretion of ICSH by the pituitary. 
The blood level of FSH and ICSH in XO mice apparently is too low 
to ensure the normal development and function of both ovaries. 
From our previous experiments we concluded that a parallelism 
exists between XO mice and XO men with respect to growth-retar-
dation (Chapter 2). Whether or not this retardation in XO men 
can be attributed to thyroidal disturbances as is likely for XO 
mice (Chapter 3) has to be the subject of future research. 
The results of this paper indicate a striking analogy between 
patients with Turner's syndrome and XO mice in more than one 
aspect. In human XO individuals (patients with Turner's syndrome) 
besides the short stature the underdevelopment of ovarian tissue 
is one of the most obvious symptoms. The number of egg cells in 
the gonads is very low or zero. The excretion of oestrogens in 
the urine is with few exceptions very low or altoghether absent 
(Lindsten and Fraccaro, 1969) and disturbances in the secretion 
of gonadotropic hormones by the anterior lobe of the pituitary 
have been often described (Grossman, 1960; Hauser, 1963; Almqvist 
et al., 1964). 
XO mice and XO men show comparable disturbances in the germinative 
function of the underdeveloped ovaries, i.e. in the production 
of ova and secretion of oestrogens. However, these disturbances 
are much more serious in XO men. We were able to demonstrate in 
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XO mice that these deviations are allophaenic, future research 
has to prove whether this is true for XO men too. 
Our findings suggest only gradual and no essential differences 
in the symptoms between XO mice and XO men. Therefore a supple­
mentary hypothesis to the inactive-X hypothesis is necessary 
to explain the aberrations in XO mice and men alike. 
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HOOFDSTUK 5 
Data on reproduction and segregation. 
SUMMAEÏ 
In the literature a praetically normal reproduativity of XO 
animals is suggested. However, our re-investigation of reproduc-
tion in XO mice showed that they produced smaller litters as 
compared to normal litter mates while more time elapsed be-
tween successive litters. This lower level of reproduction is 
manifest during the whole reproduction period. 
Reproduativity in XO mice reaches its maximum and minimum (end 
of reproductive period) sooner. 
It is discussed that this may be attributed to a diminished se-
secretion of gonadotropic hormones and a smaller number of pri-
mordial germ cells in XO mice. 
The segregation ratio in litters from XO mothers is not normal 
and is related to mother's age. Meiotic drive seems attractive 
as a mechanism to explain this departure of the X-to-0 segrega-
tion ratio. These results support our previous conclusions of 
abnormality of XO mice. 
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Introduction 
The XO mouse plays an important role in the inactive-X hypothe-
sis (Lyon, 1961) because this mouse is apparently normal or near 
normal in growth, development and fertility (Welshons and Rus-
sell, 1959; Russell and Gower, 1959; Cattanach, 1962; Morris, 
1968). 
In our previous papers we demonstrated that the XO constitution 
causes growth retardation (Chapter 2), lower body temperature 
and hypoactivity of the thyroid (Chapter 3). After these stu-
dies we decided to re-investigate the fertility of these mice 
by making quantitative measurements on the ovaries. 
We were able to demonstrate underdevelopment of the ovaries in 
comparison with normal litter mates, as expressed in a smaller 
volume, fewer maturing and mature follicles and a lower activi-
ty of the oestrogen producing system of the ovaries (Chapter 4). 
Thus XO mice have a lower reproductive potential. In the lite-
rature XO mice are thought to be normally fertile because of 
"the near normality of litter size" and "this should support the 
hypothesis that only one X-chromosome is necessary for normal 
development of the female mouse" (Cattanach, 1962). Since these 
conclusions are in contradiction with our findings on lower 
germinative potential of XO ovaries, we decided to re-investi-
gate the reproduction of XO mice by means of their offspring. 
We also studied the segregation ratio's within their litters. 
81 
Materials and methods 
The XO line from which our experimental animals descend is descri­
bed in a previous paper (Chapter 2). 
For discrimination between XO and normal females an X-chromosome 
linked coat color gene Tabby was introduced. 
On the 42th day after birth XO females (offspring from matings 
TaO χ XY) were collected. As soon as possible after weaning each 
surviving XO female was mated again to a TaY male to produce the 
next set of litters (again with TaX χ TaY controls). After the 
birth of the 2 , 4 and 6 litter new males were used (aged 
two months). Following the same procedure TaO females and their 
TaX sisters (offspring from matings XO χ TaY) were mated to XY 
males. 
We cannot compare XO and TaO mice directly with XX mice, since 
the crosses mentioned above never produce XX females. Therefore 
we resorted to the production of XX females by means of parallel 
set of TaX χ XY matings. For detailed description of breeding sche­
dules see Chapter 2. 
The birth-day and size of each litter was noted. After a weaning 
period of 28 days mother animals were mated again and segregation 
of the different phaenotypes within litters was determined. 
Mice not producing offspring within 100 days after mating with 
fertile males were considered to be at the end of their fertility 
period. 
Superovulation was induced by intraperitoneal injection of 10 I.U. 
gestyl dissolved in 0.25 ml. physiological salt solution. 
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48 hours after this the animals were injected with 10 I.U. 
χ « · 
pregnyl in 0.25 ml. salt solution. Ovulation occurs 12 hours 
after the latter injection. The ova were collected from the 
ampulla and counted. 
Results 
Within each experimental group mean litter size +_ the standard 
error of the mean (s.e.m.) was calculated per litter and for 
the total reproductive period. For the different groups the 
mean elapsed time between successive litters (interspace) +_ 
s.e.m. and the mean of the total numbers of offspring from the 
mothers was calculated. 
All these data are presented in table 1. 
TaX females originate from all three types of matings used for 
our experiments. The data of these different TaX groups were com­
bined and presented as one TaX group as no differences among were 
apparent in these aspects. 
Figure 1 shows that X0 mothers produced smaller litters than 
XX mothers through the entire reproduction period. Besides 
XO mothers reach maximum litter size and end of reproductive 
period sooner than their normal sisters. 
Phaenotypic segregation of the total offspring from the different 
2 
matings and χ -tests on segregation ratio's are given in table 2. 
The phaenotypic segregation of the offspring per litter order 
x obtained from Organon, Oss, the Netherlands. 
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Table 1. Litters of parental XX-t TaX-3 XX-and TaO^miae. 
litter 
number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
mother·s 
number 
all litters 
interspace 
in days 
number 
spring 
mother 
off-
per 
17 
16 
15 
15 
12 
10 
5 
4 
1 
95 
95 
17 
XX 
mean +_ £ 
8.71 
9.19 
10.27 
10.47 
9.92 
7.80 
6.00 
4.50 
3.00 
8.99 
53.98 
50.25 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
i.e.m. 
0.44 
0.88 
0.82 
0.66 
1.32 
1.68 
1.95 
1.50 
0.38 
0.66 
5.44 
mother's 
number 
55 
53 
47 
44 
33 
28 
18 
7 
1 
286 
286 
55 
TaX 
mean +_ s.e.m. 
7.56 
10.11 
10.34 
10.30 
9.27 
7.64 
5.72 
3.86 
1.00 
8.89 
56.57 
46.21 
+ 0.31 
+ 0.40 
+ 0.43 
+ 0.51 
+ 0.69 
+ 0.65 
+ 0.76 
+ 0.70 
+ 0.20 
+ 0.66 
+ 2.75 
mother's 
number 
22 
20 
20 
17 
11 
6 
2 
98 
98 
22 
xo 
mean + s.e.m. 
7.00 
8.25 
8.30 
7.24 
5.64 
4.07 
1.50 
7.12 
57.13 
31.71 
+ 0.46 
+ 0.62 
+ 0.58 
+ 0.74 
+ 0.56 
+ 1.42 
+ 0.29 
+ 1.30 
+ 3.75 
mother's 
number 
14 
11 
9 
7 
6 
4 
3 
54 
54 
14 
TaO 
mean + s.e.m. 
5.86 
7.18 
7.00 
7.14 
7.00 
2.95 
3.00 
6.24 
58.35 
24.06 
+ 0.54 
+ 1.03 
+ 0.96 
+ 1.83 
+ 1.34 
+ 0.95 
+ 0.42 
+ 1.69 
+ 4.73 
m e a n litter s i z e 
11 π 
Ί ι ι ι ι 1 Γ-
1 2 3 4 5 6 7 8 9 10 
litter o r d e r 
Figure 1. The relation between the mean litter size and the 
litter order in XX and XO mice. 
Table 2. Phaenotypical segregations of the total offspring from the different 
matings. 
mating 
TaX χ TaY 
TaX χ XY 
XX χ TaY 
XO χ TaY 
TaO χ XY 
χ
2
 1:1:1:1 
χ
2
 1:1 
X 2 1:1:1 
TaTa 
328 
TaX 
384 
165 
362 
257 
88 
XX 
146 
XO 
31 
TaO 
105 
TaY 
363 
164 
109 
XY 
379 
184 
397 
278 
died 
215 
196 
92 
72 
108 
Total 
is not significant for the offspring of the matings TaX χ TaY and 
is not significant for the offspring of the mating XX χ TaY. 
is highly significant for the offspring of the matings XO χ TaY (> 
and Ρ < 0.1%) and TaO χ XY (χ2 = 42.87 and Ρ < 0.1%). 
1669 
855 
851 
712 
336 
TaX χ XY. 
1
= 83.55 
Table 3. The phaenotypic segregation of the offspring per litter 
order from TaX and XO sisters mated with the same 
TaY males. 
litter 
number 
1 
2 
3 
4 
5 
6 
mother's 
number 
18 
18 
18 
16 
11 
10 
TaTa 
29 
33 
41 
30 
13 
7 
TaX 
TaX 
26 
37 
46 
32 
15 
13 
χ TaY 
XY 
34 
42 
43 
40 
22 
17 
TaY 
24 
39 
38 
32 
10 
19 
died 
11 
24 
14 
26 
21 
19 
TaX + XY 
total χ 100% 
living 
young 
+ standard 
deviation 
53.09 + 4.69 
52.31 + 4.06 
52.97 + 3.85 
53.73 + 4.31 
61.66 + 6.28 
53.57 + 6.66 
from TaX and XO sisters mated with the same TaY males is given in 
table 3. The ratio of TaX + XY offspring to the total number of 
offspring agrees with the expected 50%. In litters from XO mothers 
this ratio is higher than the expected 66,6%. The percentage X- and 
0-animals in litters from XO mothers changes with inceasing litter 
χ 
sequence. Figure 2 shows clearly that the ratio — offspring is re­
lated to mother's age. 
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XO χ TaY 
TaX + XY 
total χ 100% 
living 
young 
+ standard 
deviation 
5 86.57 + 2.79 
9 83.97 + 2.94 
15 83.44 + 3.31 
17 78.84 + 4.00 
11 82.35 + 5.34 
11 71.42 + 12.07 
Differences between litter size, mean interspace and mean total 
number of offspring of different experimental groups over the to­
tal reproductive period were tested with the t-test of Student. 
Death rate differences during the first four weeks of life were 
2 tested with the χ - test for 2 x 2 contingency tables (Sachs, 1969, 
p. 341). The results from these statistical analyses are given 
in table 4. 
mother's TaO TaX XY died 
number 
22 
20 
20 
17 
11 
6 
20 
25 
25 
22 
9 
4 
62 
55 
66 
35 
19 
5 
67 
76 
60 
47 
23 
5 
89 
ratio 
X offspring 
ι 1 1 г 
3 4 5 6 
mother's age 
Figure 2. The relation betueen the ratio — offspring and 
0 
mother's age in XO mice. 
Table 4. Statistical analysis about differences between mean litter size, mean 
total number of offspringj mean interspace and death rate of the dif­
ferent experimental groups. 
experimental groups litter size 
t 
XX versus XO 4.04X 
XX versus TaX 0.15 
TaX versus TaO 4.57X 
t with Student's t-test. 
offspring 
t 
3.18х 
0.86 
3.52х 
2 2 
X with χ -test for 2 x 2 contingency tables 
χ difference is significant (P < 5%). 
interspace 
t 
2.13X 
2.13X 
2.82х 
(Sachs, 1969). 
death rate 
X2 
0.20 
15.03X 
50.20X 
Seven XO mice, aged about 300 days, which after several lit­
ters had not been reproductive for at least three months 
were injected with gonadotropic hormone to induce ovulation. 
None of these mice reacted to the injections by ovulating. On 
the other hand ten TaX control mice of the same age which nor­
mally ovulated in the order of 11.8 +_ 0.6 (s.e.m.) ova reacted 
to the hormone injections with superovulation and produced 
31.5 +_ 1.1 (s.e.m.) ova. 
Discussion 
From the statistical analysis (table 4, comparison of XX with 
TaX mice) we can conclude that the marker gene Tabby does not 
alter litter size or productivity (= total number of offspring). 
However, TaX mothers show significantly more elapsed time be­
tween successive litters and in litters from TaX mothers more 
young die during lactation period. 
The XO constitution (table A, comparison of XO with XX mice) 
results in smaller litter size, a reduction of reproductivity 
and more elapsed time between successive litters. These results 
are not unexpected in view of our findings of lower gonadotro­
pic hormone secretion in XO mice (Chapter 4). However, once 
the litter is born, XO mothers raise their young as well as nor-
2 
mal mothers do, as can be concluded from calculation of χ for 
death rate in table 4. 
The data of TaO mice agree on one hand with the data of mothers 
with a TaX constitution and on the other with those of mothers 
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with an XO constitution (table 4). 
O-mice differ from normals with respect to smaller litter 
size and smaller production of litters. A third difference 
between XO and XX mice can be shown when comparing litter 
size in relation to litter order (figure 1). The reproduc-
tivity of XO mice reaches its maximum and its end sooner. 
The termination of the reproductive period in XO mice might 
also be attributed to early exhaustion of their ovaries. 
These data contradict the results of Morris (1968) who con-
cluded that "the difference in size between XX and XO litters 
is consistent from the first to the tenth litter". 
The early exhaustion of 0 - ovaries may be attributed to 
a small number of primordial germ cells immigrating into 
the genital ridges during embryogenesis, to an itensified 
degeneration of oocytes, or to a combination of both factors. 
After hypophysectomy by which the gonadotropic hormones are 
eliminated the depletion rate of oocytes in mice is re-
tarded significantly (Jones and Krohn, 1959). 
Since we found indications of a diminished secretion of gona-
dotropic hormones in XO mice (Chapter 4) an intensified 
degeneration of oocytes is not an attractive suggestion. 
Therefore, the simplest hypothesis occuring to the author 
is that the early exhaustion of the ovaries may be attributed 
to a smaller number of primordial germ cells. Besides a lower 
content of primordial germs cells may be the explanation of the 
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diminished volume of the XO ovaries we found before (Chapter 4). 
From figure 1 we also can see that XO mice reach their maximum 
litter size sooner. This may be attributed to the combined 
occurrence of a diminished secretion of gonadotropic hormones 
and a smaller number of primordial germ cells in XO mice. 
However, in O-mice reproductive capacity is not only influenced 
by the size of the oocyte population or number of ova but also 
by the chromosomal constitution of the ova. For instance litter 
size is influenced by lethality of OY individuals. At first 
one might be inclined to conclude that the shortage of young 
from O-mothers can be fully explained by this lethality. However, 
this is valid only if loss of OY embryos cannot be compensated 
by individuals with another genotype. Therefore it is necessary 
to study the composition of the whole offspring. 
Since reliable phaenotypic classification is not possible at 
very young ages and TaO mothers are poor breeders so that many 
young die in litters of TaO mothers (table 4), classification 
cannot be extrapolated to segregation ratio at birth with rea-
sonable certainty. In order to avoid problems with this post 
partum mortality we have compared only offspring of XO mothers 
with those of TaX sisters mated with the same TaY males. 
Table 2 shows normal segregation ratio's in litters from TaX 
mothers. In litters from mothers with a O-constitution OY off-
spring does not appear and the number of XO and TaO offspring 
is far below expectation. 
From table 3 we may conclude, that in TaX mice the ratio of 
TaX + XY mice to the total number of offspring is in agreement 
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with the expected 50%. 
The slight deviations may be attributed to diminished vitali­
ty in mice homozygous or hemizygous for the Tabby gene (TaTa 
and TaY). Indications for this lower vitality we found before 
(Chapter 2). In XO mice the fraction of offspring developing 
from X ova (TaX and XY) is in the order of 80% of the total 
offspring. This was not tend to support the arguments of 
Russell et al (1959) who conclude that "all classes of young 
are slightly reduced in number" in XO mice. In figure 2 the 
X 
ratio of — offspring from XO χ TaX matings is plotted against 
mother's age. A significant correlation between this ratio 
and mother's age exists (r • - 0.8983 and Ρ < 2%). Even if 
all young dying between birth and the time of classification 
had been 0 - offspring a high negative correlation would still 
had been observed (r = - 0.9562 and Ρ < 1 - 2%). 
From these results we conclude that the X - to - 0 segregation 
ratio as observed within litters of XO mothers evidently is 
not 2:1 and depends on the mother's age. 
The cause of the observed departure from the 2:1 ratio is not 
attributable to events occuring after birth, since mortality 
in litters from XO mothers during lactation period can be 
disregarded. Therefore, the abnormalities in segregation ratio 
found at the time of classification have to exist already 
at birth and we suppose there is a selection mechanism that 
acts before birth. 
In the period between implantation and partus dead embryos with 
95 
0-constitution cannot be replaced by embryos from X ova. 
Since XO mice produce significantly fewer oocytes per ovula-
tion than normal mice do (Chapter 4) a selection mechanism 
during this period cannot explain the surplus of offspring 
from X ova in young XO mothers. A selection mechanism may 
exist between fertilization and implantation. 
Morris (1968) states that embryonic mortality occur in XO fe-
males at significantly higher levels than in normals, especial-
ly before implantation. Morris thought this loss represented 
the OY and a part of the XO embryos. 
Since there exists a surplus of mature follicles in XO mice 
also selection against 0 embryos means theoretically more 
chance of surviving to X offspring. Therefore, one cannot cal-
culate with reasonable certainty the percentage of lost indivi-
duals from segregation ratio's after implantation as Morris 
has done. Besides, our data do not suggest a more stringent 
selection against ova in XO mothers: 
at an age of about four months in XO mice the mean number of 
mature follicles is 17.34, the mean number of live born young 
8.30. For TaX mice these means are 26.00 and 10.34 respectively 
(Chapter 4). From these data we can conclude that in XO mice 
48.4% of the ova survive and in TaX mice 39.8%. Besides, the 
X 
ratio TT offspring from XO mothers changes with increasing litter 
order in favour of 0-offspring (figure 2). If in XO mice sig-
nificantly more embryos die this would imply that with increa-
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sing age of the mother selection against chromosomally normal 
individuals in favour of chromosomally abnormal individuals 
would also increase which to us seems unlikely. 
Therefore, the cause of the aberrant X- to -0 ratio in XO 
mice might be attributable to events occuring before starting 
embryogenesis. Possible explanations are: 1. selective ferti­
lization, 2. ovary mosaicism, caused by immigration of germ 
cells or by mitotic non-disjunction or 3. meiotic selection. 
Selective fertilization cannot be dependent on father's age 
in our experiments, since after birth of each even litter order 
the females were mated to males two months of age. Selective 
fertilization could only mean that in young XO mothers gametes 
with O-constitution prefer Y-gametes, this preference diminis­
hing with increasing mother's age. We have not been able to 
find in the current literature data on selective fertilization 
in mice (related to mother's age). 
An intra-ovarial selection mechanism cannot be explained by 
ovary-mosaicism as a result of immigration of germ cells from 
TaX embryos into the ovaries of XO embryos (XX litter mates 
do not occur together with XO embryos, see Chapter 2). In 
this case at least some TaY or XY sons have to be produced 
in the matings XO χ TaY and TaO χ XY respectively. This has ne­
ver been observed. But ovarian mosaicism could also be the 
result of mitotic non-disjunction in primordial germ cells 
from fetal ovaries as Ohno (1963, 1966, 1967) suggested as 
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a result of a study of the chromosomes of the creeping vole, 
Microtus oregoni. Such ovaries would contain XX, 00 and X0 germ 
cells. By their larger viability the "non-disjunction" XX lines 
could be the majority of the germ cell pool. A selective me­
chanism would then have to exist which favours the XX germ lines 
in young ovaries. According to this idea the XX germ lines in 
older ovaries might become depleted and a majority of ova would 
then have to descend from XO germ lines. However, results repor­
ted by Epstein (1969) seem to exclude the "mitotic non-disjunc­
tion" hypothesis. This author determined the glucose -6-phosphate-
dehydrogenase contents of oocytes from XO and XX mice. He conclu­
ded from his data that oocytes from XO ovaries show only one 
half of the G6PD (X-linked enzym) activity of oocytes from XX 
ovaries. From Epstein's means and variations we may conclude that 
occurence of an XX oocyte population in XO ovaries is highly 
improbable. 
Meiotic drive has been reported several times (Zimmering et al., 
1970). Dunn et al. (1953, 1953b, 1956, 1965) extensively stu­
died tailless alleles at the Τ locus exhibiting abnormal segre­
gation ratio's in natural populations of house mice. In 1968 
Dunn and Bennett described a distorted transmission ratio in the 
mouse, the locus in question was called Lr. Kaufman (1972) repor­
ted about non-random segregation during mammalian oogenesis in 
XO mice. He investigated the breeding performance and early em-
bryogenesis of the XO mouse and found an unusually low segregation 
(about 30%) of gametes without an X-chromosome in ovulated 
oocytes of TaO mice. 
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In noticing similarity of his own results to previously publis-
hed breeding data Kaufman suggested non-random segregation at 
the first meiotic division. Kaufman superovulated and autop-
sied only TaO females and extrapolated from these data to 
XO females. Such an extrapolation seems questionable especial-
ly since many differences between TaO and XO mice occur (table 
1, 2, 4 and Chapter 2). Nevertheless, meiotic drive as selec-
tion mechanism seems an attractive theory for the explanation 
of deviation of segregation ratio in the XO strain. According 
to this hypothesis the germ cell pool is homogeneous. Our data 
indicate that this selection mechanism evidently depends on 
mother's age ( table 3 and figure 2). An increase in the rela-
tive incidence of different chromosornaily abnormal offspring 
with increasing mother's age is at least in human genetics 
often described. 
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schrift Genetica. 
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STELLINGEN 
1. De mening dat quinacrine- en Gieraea- positieve banden die met 
behulp van verschillende technieken onder andere in de chro­
mosomen van de mens zichtbaar gemaakt kunnen worden, AT rij­
ker DNA zouden bevatten, is nog onvoldoende door bewijzen 
ondersteund. 
(Weisblum, В.; de Haseth, P.L., 1972. Proc.Nat.Acad.Sci. 
U.S.A. 70,3,804-807) 
2. Het mechanisme dat leidt tot differentiële spontane abortus 
van chromosomenaberraties bij de mens, is geheel onbekend. 
3. De huidlij sten en buigplooien die op de handen en de voeten 
van patiënten met het syndroom van Down aangetroffen worden, 
kunnen in hun afwijkingen van de huidlij sten van normale per-
sonen betrouwbare indicaties opleveren voor de diagnostiek 
van dit syndroom. 
(Deckers,J.F.M.; Oorthuys.A.M.A.; Doesburg,W.H.1973.Clin. 
Genet.4, 318-327 en 381-387). 
4. De diagnostische waarde van de scoringsmethodiek van von 
Greyerz-Gloor toegepast op patiënten met het syndroom van 
Down is vanwege de gebruikte lineaire discriminant-analyse 
en het in de score opnemen van minder relevante dermale ken-
merken, erg relatief. 
(v.Greyerz-Gloor,R.D.; Auf der Maur.P.; Riedwyl,H.,1969. 
Human Genet.8, 195-207). 
5. Het feit dat enerzijds een persoon gevonden is met de sympto-
men van het Lesch Nyhan syndroom en een normale HG-PRT acti-
viteit, anderzijds een persoon die het Lesch Nyhan syndroom 
niet vertoonde maar wel volledige HG-PRT deficiëntie bezat, 
wijst erop dat het Lesch Nyhan syndroom en HG-PRT deficiëntie 
niet noodzakelijk geassocieerd behoeven te zijn. 
(Champanier,J.P. et al.,1972.Rev.Neuro-Psychiat.Infantile 
20/10, 777-784. 
de Bruyn.C.H.M.M. et al.,1973.Clin.Genet.4, 353-359. 
Geerdink.R.A. et al,,1973.Clin.Genet.4, 384-352). 
6. Het is beter in het onderzoek naar de neuro-musculaire trans-
missiestoffen van de kakkerlak Periplaneta americana (L.) bij 
mechanische myografie het preparaat nervus V-musculus 136/137 
te gebruiken dan het hele derde mesothoracale ganglion te 
stimuleren. 
(Kerkut,G.A.; Shapira,A.; Walker,R.J.,1965.Comp.Biochem. 
Physiol.16, 37-48; 25, 485-502). 
7. Voor de didacticus die wil nagaan hoe het inzicht van leer-
lingen in de logische opbouw van het vak biologie tot stand 
komt, kunnen onderwerpen van beperkte omvang en eenvoudige 
aard uit de systematiek of vergelijkende morfologie als goed 
uitgangsmateriaal dienen. 
(Buter,E.M.,1963.Cybernoëgenese I en II. J.B.Wolters, 
Groningen) 
8. Het verdient aanbeveling in de samenwerking bij de construc-
tie van studietoetsen tot een expliciete, vanuit specifieke 
kennis afgeleide rolverdeling te komen tussen de doelaandra-
gers, de opdrachtgevers en de toetsconstructeurs, zodat voor 
alle betrokkenen duidelijk wordt tot hoever ieders verant-
woordelijkheid zich uitstrekt. 
9. Bij het vaststellen van de norm bij een studietoets in het ka-
der van een examen spelen naast zuivel toets-technische ook 
een aantal andere, zeer ongelijkwaardige factoren een rol en 
kan de toetsconstructeur zelf slechts adviserend optreden. 
10. De relatie van de promovendus tot de Alma Mater heeft vaak 
veel overeenkomsten met de tragische liefde van de bidsprink-
haan Mantis religiosa L.. 
11 januari 1974. Johan F.M. Deckers 


